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METHOD AND APPARATUS FOR DETECTING THE STRAIN 
LEVELS IMPOSED ON A CIRCUIT BOARD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates generally to in situ detection of the strain 

levels imposed on components, and more particularly to an apparatus for detecting the 
strain levels imposed on a circuit board. 

2. Description of the Related Art 

[0002] Many components (e.g., a circuit board or printed wire board) are 

exposed to high strain levels caused by normal and unanticipated movements of the 
components during use. For example, these components may be used on aircrafts, 
automobiles, vehicles, home appliances, spacecrafts and various electromechanical 
(EM) devices. The high strain levels cause the components to crack, break or fail to 
perform. That is, after a finite amount of time, the components may crack, break or 
fail causing the system to fail or malfunction. For example, high strain levels produced 
on a circuit board may cause the electronic components on the circuit board to 
malfunction. 

[0003] Some devices have been used to detect the presence of strain levels 

imposed on the components. For example, accelerometers have been used to detect the 
presence of strain levels. In one configuration, an accelerometer may be placed on a 
housing that contains the components to measure the strain levels imposed on the 
components. Receiving these measurements, however, does not provide a very 
accurate measurement because the accelerometer is measuring the movement of the 
housing rather than the movement of the components. Therefore, an accurate 
measurement may not be obtained unless the accelerometer is placed on each system 
component within the housing, which is costly, inefficient and impractical. 
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[0004] A sensor device can be used to detect structural defects in a work piece 

by monitoring the electrical continuity of thin crack wires deposited on or within the 
work piece. The sensor device includes a discontinuity sensor that applies a voltage to 
one end of the crack wire and monitors the voltage level at the other end of the crack 
wire to determine if the crack wire is broken, thereby indicating the presence of a 
crack, delamination or other defect. One drawback of this sensor device is that the 
work piece must include many thin crack wires in order to detect damage to different 
parts of the work piece. 

[0005] Thus, it should be appreciated that there is a need for providing 

economical and effective real-time data on the strain levels imposed on circuit boards 
in use. The present invention fulfills this need as well as others. 

SUMMARY OF THE INVENTION 

[0006] The invention relates to a device for detecting strain levels imposed on 

a circuit board. In particular, and by way of example only, one embodiment of the 
invention is a device including an apparatus mounted on the circuit board, an amplifier 
for detecting a change in the impedance of the apparatus and generating an output 
signal representing the change in the impedance of the apparatus, and a signal 
conditioner for receiving the output signal and setting the gain of the amplifier. 
[0007] One embodiment of the invention is a system for monitoring the strain 

levels at particular locations on a circuit board located on an aircraft. The system may 
include a strain indicator embedded into a layer of the circuit board, an operational 
amplifier, mounted on the circuit board, for detecting a change in the resistance of the 
strain indicator and generating an output signal representing the change in the 
resistance of the strain indicator and a signal conditioner, mounted on the circuit board, 
for receiving the output signal and transmitting the output signal to a cockpit of an 
aircraft, a data acquisition device, an end user or a trend monitor computer. 
[0008] One embodiment of the invention is a method for monitoring the strain 

level of a circuit board located on an aircraft. The method may include performing a 
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vibration analysis on the circuit board to identify at least one position on the circuit 
board experiencing a large amount of strain during operation of the aircraft and 
positioning a trace on the circuit board at the at least one position identified by the 
vibration analysis. The method may also include detecting changes in the resistance of 
the trace using an amplifier, generating an output signal based on the changes in the 
resistance of the trace and transmitting the output signal to the cockpit of the aircraft. 
[0009] These and other features and advantages of the embodiments of the 

invention will become apparent from the following detailed description, taken in 
conjunction with the accompanying drawings, which illustrate, by way of example the 
principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a simplified block diagram illustrating a circuit board, an 

apparatus for detecting strain levels imposed on the circuit board, an amplifier and a 
signal conditioner mounted on the circuit board according to an embodiment of the 
invention; 

[0011] FIG. 2 is a side view of the circuit board having a number of layers 

stacked on one another according to an embodiment of the invention; 

[0012] FIG. 3 is a cross-sectional side view of the circuit board showing a 

number of layers joined together where an apparatus is embedded into the top layer and 

an apparatus is embedded into the bottom layer according to an embodiment of the 

invention; 

[0013] FIG. 4 is an exploded top view of the apparatus in the shape of a lazy S 

according to an embodiment of the invention; 

[0014] FIGS. 5A-5D are exploded top views of the trace having curve, semi- 

circle, arc and zig-zag shapes according to an embodiment of the invention; 
[0015] FIGS. 6A-6D are exploded top views of the trace having curve, semi- 

circle, arc and zig-zag shapes according to an embodiment of the invention; 



VAKJLK\IRV\340910.1 



3 



[0016] FIGS. 7A-7C illustrates various bridge networks that are coupled to the 

apparatus and the amplifier according to an embodiment of the invention. 



DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 
[0017] Methods and devices that implement the embodiments of the various 

features of the invention will now be described with reference to the drawings. The 
drawings and the associated descriptions are provided to illustrate embodiments of the 
invention and not to limit the scope of the invention. Reference in the specification to 
"one embodiment" or "an embodiment" is intended to indicate that a particular feature, 
structure, or characteristic described in connection with the embodiment is included in 
at least an embodiment of the invention. The appearances of the phrase "in one 
embodiment" in various places in the specification are not necessarily all referring to 
the same embodiment. Throughout the drawings, reference numbers are re-used to 
indicate correspondence between referenced elements. In addition, the first digit of 
each reference number indicates the figure in which the element first appears. 
[0018] Referring now more particularly to the drawings, FIG. 1 is a simplified 

block diagram illustrating a circuit board (e.g., printed wire board, ceramic board or 
multi-chip modules) 100, an apparatus 102 mounted on or embedded in the circuit 
board 100, an amplifier 104 (e.g., a surface mount operational amplifier) mounted on 
the circuit board 100 for detecting strain levels imposed on the circuit board 100 and a 
signal conditioner 106 mounted on the circuit board 100. The signal conditioner 106 
may include capacitors and resistors for adjusting or setting the gain of the output 
signal received from the amplifier 104. The signal conditioner 106 provides real-time 
feedback and system monitoring information to the receiving device (e.g., an aircraft 
cockpit) regarding the amount of stain being imposed on various locations of the 
circuit board 100. Depending on the specific application, the circuit board 100 may 
also include a number of other semiconductor chips such as an analog-to-digital 
converter 108, a filter 110, a digital signal processor 112 or any other chips or 
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components mounted thereon. The circuit board 100 is capable of allowing 
semiconductors chips to be fabricated or mounted thereon. 

[0019] FIG. 2 is a side view of the circuit board 100 having a number of layers 

stacked or fabricated on one another. For illustrative purposes, the circuit board 100 
includes top, center and bottom layers 200, 202, 204 that are fabricated or joined 
together. The layers are generally made of an epoxy-glass composite material. In one 
embodiment, the semiconductor chips (not shown) and the apparatus 102 are 
embedded or mounted on the top and bottom layers 200, 204. The apparatus 102 can 
have varying lengths, widths and heights depending on the vibration analysis and/or 
the available space on the circuit board 100. In one embodiment, each apparatus 102 
has a length L of about 25 .4 millimeters, a width W of about 1 .0 micron and a height H 
of about 6.35 millimeters. The number of apparatus 102 located on the top and bottom 
layers 200, 204 depends on the vibration analysis performed on the circuit board 100 
and/or the available space on the circuit board 100. 

[0020] Prior to determining the number of apparatus 1 02 and the placement of 

each apparatus 102, a vibration analysis is performed on the circuit board 100 to locate 
the positions on the circuit board 1 00 experiencing the greatest amount of strain during 
operation of the aircraft. An example of a simulation software program that can 
perform a vibration analysis is ANSYS created by ANSYS, Inc. of Canonsburg, 
Pennsylvania. Using the simulation software program, an engineer or technician can 
perform a modal analysis on the circuit board 100 to identify the locations on the 
circuit board 1 00 experiencing relatively high strain levels and the natural frequencies 
at which those strain levels occur. That is, the modal analysis identifies peak 
displacements on the circuit board 100. Once the modal analysis identifies the 
locations, the apparatus 102 is positioned or mounted at one or more locations. 
[0021] FIG. 3 is a cross-sectional side view of the circuit board 100 having a 

number of layers stacked on one another where the apparatus 102e is embedded into 
the top layer 200 and the apparatus 102f is embedded into the bottom layer 204. When 
the apparatus 1 02 are embedded into the top layer and/or the bottom layer of the circuit 
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board 100, a human is unable to see the apparatus 102. That is, a person viewing the 
circuit board 100 will not be able to see the apparatus 102 because they are embedded 
into the layers of the circuit board 1 00. Embedding the apparatus 1 02 into the top layer 
200 and/or the bottom layer 204 advantageously saves a large amount of space on the 
circuit board 100. Therefore, a greater number of semiconductor chips can be 
positioned on the circuit board 100 while still be able to detect strain levels using the 
apparatus 102. 

[0022] Each end of the embedded apparatus 102 may be connected to a 

metallic member 300 that is used to provide a connection to the semiconductor chips 
(not shown) that are mounted on the top and bottom layers 200, 204. That is, each 
metallic member 300 may be used to connect the apparatus 102 to the semiconductor 
chip. In one embodiment, each end of the apparatus 102 may be connected to the 
amplifier 104 as shown in FIG. 1. In one embodiment, each end of the apparatus 102 
may be connected to the signal conditioner 106. The amplifier 104 and the signal 
conditioner 106 may be part of a single module rather than two separate components. 
[0023] FIG. 4 is an exploded top view of the apparatus 102. Preferably, the 

apparatus 102 is a trace made of a metallic material (e.g., a copper clad material) and 
has a lazy "S" shape as shown in FIG. 4. The apparatus 102 can also be formed in the 
shape of a single flat grid (FIG. 5 A), flattened helix or wraparound grid (FIG. 5B), 
equiangular rosette with adjacent elements (delta rosette) (FIG. 5C), rectangular rosette 
with layered elements (FIG. 5D) or any other shape that decreases the impedance (e.g., 
resistance) when subject to a compressive stress and increases the impedance when 
subject to a tensile stress. One end 400 of the apparatus 102 is connected to the 
positive terminal of the amplifier 104 and another end 402 of the apparatus 102 is 
connected to the negative terminal of the amplifier 104. FIGS. 6A-6D are exploded 
top views of the apparatus 102 having a fork shape (FIG. 6 A), a semi-circular shape 
(FIG. 6B), a zig-zag shape (FIG. 6C) and a spiral shape (FIG. 6D). In one 
embodiment, the apparatus 102 can be a strain gage or a strain indicator integrated 
with the circuit board 100. In one embodiment, the apparatus 102 can be a 
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semiconductor chip capable of sensing stresses and strains imposed on the circuit 
board 100. 

[0024] The apparatus 102 is oriented on the circuit board 100 at locations that 

experience the greatest amount of stress and stain conditions. That is, the apparatus 
102 is positioned or mounted so that the apparatus 102 is compressed or stretched as 
much as possible during stain cycles of the circuit board 100, thus resulting in a 
detectable change in the impedance. Strains on the apparatus 102 cause the impedance 
of the apparatus 102 to change allowing the amplifier 104 to detect these changes. In 
one embodiment, the apparatus 1 02 is oriented along a primary axis of the strain of the 
circuit board 100. The non-linear shape of the traces allows the traces to be subjected 
to significant strains in an orthogonal direction resulting in greater changes in the 
resistance and voltage being detected by the amplifier 104. When the circuit board 100 
is subjected to strain, the impedance of the apparatus 102 changes, which is detected 
by the amplifier 104. The amplifier 104 generates an output signal representing the 
change in the impedance of the apparatus that is sent to the signal conditioner 106. 
The signal conditioner 106 receives the output signal, which indicates actual strain 
levels imposed on the circuit board 100 and sends the output signal to a receiving 
device (e.g., a computer) for real-time diagnostics. The unit of measure for the output 
signal may be volts per inch or volts per millimeter. 

[0025] FIGS. 7A-7C illustrates various bridge (or resistor) networks 700 that 

are coupled to the apparatus 102 and the amplifier 104. The bridge networks 700 
provide signal conditioning for the apparatus 102. The apparatus 102 shown in FIGS. 
5 and 6 can be connected to the bridge network 700 at ends 400, 402. The EXC+ 
terminal is connected to a reference voltage (e.g., 10 volts) and the EXC- terminal is 
connected to ground. The SIG+ terminal is connected to the positive terminal of the 
amplifier 104 and the SIG- terminal is connected to the negative terminal of the 
amplifier 104. The amplifier 104 receives from the bridge network 700, an output 
voltage representing the strain on the circuit board 100. When little to no strain is 
imposed on the circuit board 100, the amplifier 104 receives a substantially constant 
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output voltage from the bridge network 700. When strain is imposed on the circuit 
board 100 causing the apparatus 102 to compress and/or deflect, the amplifier 104 
detects a change in the output voltage indicating a strain on the circuit board 100. The 
bridge network 700 may amplify the output voltage prior to being received by the 
amplifier 104. FIG. 7B shows that the bridge network 700B may be connected to two 
apparatus 1 02, where one apparatus 1 02 may be embedded into the top layer 200 of the 
circuit board 1 00 and one apparatus 1 02 may be embedded into the bottom layer 204 of 
the circuit board 100. 

[0026] Although an exemplary embodiment of the invention has been shown 

and described, many other changes, combinations, omissions, modifications and 
substitutions, in addition to those set forth in the above paragraphs, may be made by 
one having skill in the art without necessarily departing from the spirit and scope of 
this invention. Accordingly, the present invention is not intended to be limited by the 
preferred embodiments, but is to be defined by reference to the appended claims. 
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